warming. This broad geographical coverage involving multiple arctic and alpine sites is unique to 120 ITEX: other environmental manipulation studies have usually been limited to one or two sites, or 121 specific gradients (e.g. the mountain birch forest-tundra heath ecotone in the Scandes mountains; 122 see Sjögersten and Wookey 2002 , 2004 . are not exclusively species-specific ( Fig. 1) : Herbaceous growth forms, for example, responded 145 more strongly than woody forms. Statistical meta-analysis was therefore able to confirm patterns 146 of response that a traditional literature review was unable to resolve unequivocally (see previous 147 paragraph). It should be acknowledged, however, that Synthesis I was based on a fuller data-set 148 (with up to 4 years of data from some sites, and 13 sites included) than the early synthesis of 149
Henry and Molau (1997). Phenological shifts were also consistent -with earlier bud-burst and 150 anthesis in response to warming -while plants growing in the low arctic were more responsive 151 than those at alpine and high arctic sites in terms of above-ground growth (the latter result 152 apparently contrasting somewhat with conclusions drawn by Henry and Molau (1997) on the 153 basis of single species' responses to warming in contrasting parts of their geographical range). 154 Synthesis I also indicated that a shift occurred over the first 3-4 years of warming from strong 155 vegetative responses early on toward greater reproductive effort and success in the fourth 156 treatment year (Arft et al. 1999 ). These results were interpreted as reflecting a possible depletion 157 of stored plant reserves or soil nutrients, so that sustained vegetative growth was constrained, 158 while investment in reproduction was a secondary response reflecting increased production of 159 flower buds in seasons prior to flowering (flower buds form one to several seasons prior to 160 flowering in many tundra plant species; Sørensen 1941 , Diggle 1997 . acidic tundra compared with moist non-acidic tundra (associated with surfaces of contrasting age 217 since deglaciation) in the northern foothills of the Brooks Range, Alaska; this was in spite of the 218 fact that these communities share the same regional species pool. There is thus likely a necessary 219 trade-off between the relative simplicity/physical robustness of environmental manipulation 220 experiments that can be undertaken in a comparative way at multiple sites, and the technical 221 sophistication of experiments at only a few sites. The latter might, through the application of 222 advanced technology, reduce unwanted treatment artefacts, and might also enable the effects of 223 combined drivers of change to be evaluated in fully orthogonal experiments, but they may be 224 difficult to scale to the region. 225
Environmental manipulation experiments are generally designed to assess the potential 226 responsiveness or resilience of ecosystem components and processes to global change. They must 227 often, however, be temporally compressed in order to conform to standard research funding 228 cycles (usually of 3-5 years), as well as for predictive purposes, so that mitigation and/or 229 adaptation strategies can be designed for ecosystem management. For many ecosystem processes 230 and components, however, the short-to medium-term responses to a step-change in 231 environmental conditions imposed experimentally may not be a good predictor of longer-term 232 responses to global change (see OTCs, and surface moisture may also be reduced due to exclusion of the precipitation around the 279 edges of the chambers. In addition, due to lateral heat-sink effects, soil warming may not reach 280 13 the magnitude expected, and snow cover and duration may also be affected due to altered drifting 281 patterns within and around the OTCs. respond to change). The magnitude and rate of species' and community responses to change will 569 also be affected by both abiotic (e.g. nutrient availability; depth of thaw; disturbance) and biotic 570 'modifiers' (e.g. herbivory). 571 primary productivity, NPP) across a gradient of temperature (which could be expressed as mean 573 27 temperatures over a growing season, or as some other metric of thermal energy availability, e.g. 574 growing degree days (GDDs), or in the case of tundra plants thawing degree days (TDDs), 575 representing accumulated 'thermal time'). Increasing temperature in tundra ecosystems will co-576 vary with other abiotic factors (e.g. precipitation or depth of the active layer) and also with biotic 577 factors, such as intensity of competition or herbivory. Intensity of competition (e.g. for light or 578 soil nutrients) is likely to increase from the extreme polar deserts and alpine fellfields to the more 579 closed tundras of the Low Arctic and mid-to low alpine (perhaps leading to a skewed NPP curve, 580 with values dropping more steeply at the warmer end of the distribution due to competition 581 interactions). Note that, according to this scheme, a given temperature increase (∆T) could 582 produce quite different outcomes depending on where in the species' range the warming occurs, 583 and on the ecological amplitude and competitiveness of the species concerned (shown by small 584 arrows within the two areas demarcated by A -B and C -D). Thus warming at the colder end of 585 the distribution could markedly improve plant performance (but note the contrasting magnitude 586 of response for the two species), while toward the warmer end of the distribution increased 587 respiratory demands, or intensity of competition, could reduce NPP to the extent that the species 588 dies out, or is forced-out, of the community. Note, by contrast, that the NPP of one of the two 589 species is unaffected in the range C -D, and this might represent a competitive plant functional 590 type. 591 respond to temperature change at different rates; hence, the overall ecosystem response (the result 596
